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Conclusions: Deformable registration of head and neck CT 
images using elastix resulted in a combined delineation and 
deformation uncertainty of approximately twice the 
uncertainty related to the manual delineation performed on 
one CT. These uncertainties should be considered when using 
image deformations and registrations for clinical and 
research purposes.  
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Purpose/Objective: In an increasing number of patients, 
multiple brain lesions are treated simultaneously using 
stereotactic techniques and dynamic arc irradiation. For 
lesions that are close together, treatment plans can be made 
that use only a single isocenter without compromising plan 
quality, in terms of conformity and DVH parameters, 
compared to multi-isocenter plans. Since every isocenter 
requires its own setup procedure at the linac, a single 
isocenter plan increases treatment efficiency and reduces 
patient discomfort. However, single isocenter plans do not 
allow for separate corrections for relative motion of the 
lesions, for example due to rotations of the head. Moreover, 
the associated placement of the single isocenter in between 
targets introduces sensitivity to residual patient rotations 
after setup. Both effects decrease to robustness of the plan. 
We investigate and quantify this loss of robustness.  
Materials and Methods: For 7 patients the robustness of 
single-fraction treatment plans with 2 mm PTV margins were 
evaluated assuming different distances (in the range 0-10 cm) 
between CTV-centroid and isocenter positions. These plans 
satisfy V100% Dpres = 95% for the PTV, where Dpres is the 
prescribed dose (18 or 24 Gy) and a max dose in the PTV that 
does not exceed 150% Dpres. The positions of the CTVs were 
shifted with respect to the planned dose distribution to 
simulate setup uncertainties due to couch positioning and 
rotations. The simulated shifts were sampled from non-setup 
systematic uncertainties, like for example delineation 
uncertainties, and the positioning uncertainties associated 
with patient setup. Our clinical practice is to take two CBCTs 
prior to the treatment, the first to obtain the position of the 
patient on the table, the second after the couch shift which 
corrects for translations but not for rotations with respect to 
the plan CT. For the simulations we used the SDs of the 
residual translations and rotations measured by the second 
CBCT registration. For the uncertainties not associated with 
setup we use Σ = 0.8 mm SD. The residual setup errors were 
0.5 mm SD for translations and 1.1 dgree SD for rotations 
around the isocenter.  
Results: The maximal separation dmax between the CTV-
centroid and isocenter that lead to a 90% probability that the 
patient receives a dose D99% = 95% Dpres to the CTV was 
determined from the simulations. We obtained dmax=5.0 ± 0.9 
cm. 
Conclusions: The results for this small group of patients 
suggest that with the current clinical margins lesions with 
centroid positions up a maximum of 10 cm apart would result 
in treatment plans that are robust for translational and 
rotational setup uncertainties.  
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Purpose/Objective: Biologically guided radiotherapy needs 
an understanding of how different functional imaging 
techniques interact and link together, and how they can be 
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used in treatment assessment. We study these relationships 
in three functional imaging techniques in head and neck 
cancer patients. 
Materials and Methods: We analyse data from a patient 
included in the ARTFIBio project [1], which includes 
functional imaging for treatment planning and along the 
treatment. The three different imaging modalities are: 
Apparent Diffusion Coefficient (ADC) maps and Dynamic 
Contrast Enhanced MRI (DCEMRI), pre-treatment and at 13th 
fraction, and 18F-FDG PET/CT, only pre-treatment. We 
evaluate them as biological markers. Thus, vascularization 
measured by DCE-MRI parameters (ktrans) can determine 
tumour hypoxia, ADC maps can evaluate tumour cell density, 
and glucose consumption from FDG PET/CT can assess the 
Warburg effect enhancement. Glucose metabolism is related 
to hypoxia (Pasteur effect) and tumour cell density, although 
it includes additional information about malignancy (Warburg 
effect). The product of ADC, SUV and ktrans can be useful for 
determine the Warburg effect enhancement, because ADC 




Fig. 1A shows the planning PET/CT, and GTV voxels has been 
classified (Fig. 1B) as: well or badly vascularized tumour, 
necrotic areas and healthy tissue. We have analysed the 
relationship between SUV, ADC and ktrans (Fig. 1C). If we take 
into account only those voxels where the Pasteur effect is 
more relevant than the Warburg effect, a decreasing function 
(Fig. D) is obtained for the maximum FDG consumption 
varying the vascularization, as expected if ktrans is a marker of 
oxygen level, and a sigmoid curve is showed in Fig. E for the 
averaged increment of ADC between the pre-treatment study 
and the study performed along the treatment. This last curve 
reflects a related behaviour to the oxygen enhance ratio used 
in rabiobiological models, suggesting that ktrans is a hypoxia 
marker for head and neck cancer, and ADC is related 
inversely to tumour cell density. 
Conclusions: A dataset for achieving the biologically guided 
radiotherapy must include a tumour density study and a 
hypoxia marker. Considering the datasets used in the 
ARTFIBio project [1], ktrans from DCEMRI can be used for 
indirectly measuring oxygen levels in head and neck cancer, 
tumour cell density can be evaluated by ADC maps, and a 
relative measure of the malignancy (Warburg effect 
enhancement) can be deduced from the link of the three 
datasets. 
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Purpose/Objective: In rectal cancer, diffusion-weighted 
(DW) MRI is increasingly being employed in assessment of 
local tumor extension as well as in prediction and monitoring 
of chemoradiotherapy response. The apparent diffusion 
coefficient (ADC) can be calculated from DWI acquired with 
at least two degrees of diffusion-weighting, i.e., b-values. 
However, in rectal cancer no consensus on the choice of 
optimal b-values for ADC calculation exists, which also limits 
the ability to compare ADCs between patients and 
institutions. To calculate ADCs the most widely used 
approach is the simplified monoexponential model, whereas 
a more general approach is the biexponential model 
accounting for contributions from blood perfusion to the 
diffusion signal. The purpose of this study was to examine 
how the choice of b-values in the monoexponential model 
affects the resulting ADCs and to compare these to the ADC 
calculated using the biexponential model. 
Materials and Methods: As part of primary staging, DW MRI 
using six b-values (b = 0, 25, 50, 100, 500, and 1000 s/mm2) 
were prospectively acquired from 10 rectal cancer patients 
on a 1.5T Philips Achieva MRI scanner. Two experienced 
readers independently contoured whole-tumor regions-of-
interest (ROIs) by means of free-hand delineations, before 
tumor ADCs were calculated from 11 different combinations 
of b-values using the monoexponential model. The ADC from 
the biexponential model incorporating all b-values was used 
as the reference. The Wilcoxon matched-pairs signed rank 
test was used to assess differences in ADCs. Intraclass 
correlation coefficients (ICC) and Bland-Altman plots were 
used to evaluate interobserver variability.  
